Summary.-A technique is described for the induction of metastasizing bone tumours in rats by local inoculation of 144cerium. Bone sarcomas develop in 9000 of the animals and 74%0 of these had lung metastases. The tumours can be easily cultured and maintained by serial transplantations. Preliminary data of clinical, histological and kinetic characteristics of these bone tumours are given.
To ANSWER the multiple questions which arise in the treatment of human osteosarcoma, i.e. effect of radiochemoimmunotherapy, prevention of lung metastases, diagnostic procedures and pathophysiological characteristics, there is a particular need for experimental tumour models. Owing to the rarity of osteosarcomas in man, there have been very few controlled trials on the activity of drugs on patients with or without metastasis. The small number of patients may explain the sometimes contradictory results of these therapeutic trials.
Unfortunately the two available transplanted murine osteosarcomas, Ridgeway osteosarcoma and osteogenic sarcoma H 10734 used in experimental screening systems, are not good models for studying the activity of drugs proposed for the treatment of human osteosarcoma. On the other hand the yield of chemically induced (Mazabraud, 1975) or radiationinduced (Finkel & Biskis, 1968; Cobb, 1970; Geddes-Dwyer et al., 1974; Solheim, 1977; Loutit, 1976 ) osteosarcomas in animals is not high enough for quantitative studies.
We have explored the possibility of using a radio-induced rat bone sarcoma as an experimental model. The induction of bone and soft-tissue sarcomas by i.m. injection of radioactive cerium has been already described (Klein et al., 1977) .
The present paper describes a technique capable of inducing a very good yield of bone tumours, and the clinical, histological and kinetic characteristics of these 144cerium-induced tumours.
MATERIALS AND METHODS
Forty-six 6-week-old male Sprague-Dawley SPF rats (body wt 150-200 g) were obtained from Iffa-Credo (France) . No spontaneous bone tumours have been observed in these animals.
A solution of '44CeCl3 (carrier Ce < 10 ,ug/ ml-Radiochemical Centre, Amersham) was used. To minimize diffusion from the site of injection, the 144Ce was insolubilized as a hydroxide by adding NaOH to a final pH of 10. 150 yul of this suspension with a mean radioactivity of 33 ,uCi/ml were injected with a Hamilton syringe close to the right tibia.
Within 24 h of injection, and at the time of killing, total-body radioactivity was measured. To determine the diffusion of radioactivity in the organism, the liver, kidney and the right hind leg (where the tumours developed) were assayed for radioactivity after necropsy. Radioactivity was measured with a multichannel selector analyser.
The right hind leg was palpated carefully each week and, after detection of the tumours, the animal was examined twice a week.
Growth was determined bv at least 10 measurements of tumour diameters (with calipers) during the 4 weeks from the first palpation of the tumours. Volumes were calculated from D1 and D2 using the formula for a spheroid. Growth was measured from 100 mm3 to 20 cm3 during the exponential growth phase of the tumours.
X-ray photographs were taken immediately before killing. The animals were necropsied and all organs and lymph nodes carefully examined by naked eye for metastases. The tumour, draining lymph nodes and lungs were systematically taken for histological examinations. Serial sections were stained with haematoxylin-eosin-safranin, Mallory's trichrome and Gordon Sweet's.
Pieces of metastases were removed aseptically from 5 rats and cut into small pieces of about 05 mm3 at room temperature. Tumour fragments were transferred in a Falcon flask (25 cm2 growth area) with 7 nil McCoy Medium containing 30% foetal calf serum and 0 05 mg/ml penicillin. A mixture of 5% CO2 in air was bubbled through the medium for about 2 min and then incubated at 37°C. 48 h later the medium containing macroscopically gross tumour pieces was removed and replaced by fresh McCoy medium with 10% foetal calf serum. Subculture was necessary at 5-9-day intervals. Trypsinization was carried out with 0 25% trypsin and 0 25% EDTA for 4 min at 37°C.
Kinetic studies were performed in cultures between the 8th and 15th passage by counting the cells in a haemacytometer using the trypan-blue-exclusion test. Growth rates of cells in culture were calculated from measurements of the numbers of cells in replicate Falcon flasks. At 24h intervals suspensions were prepared by trypsinization of samples from at least 2 flasks. Cell doubling time was generally constant between 24 and 120 h after the plating of 105 cells. At longer intervals after plating density inihibition was evident for all cell cultures.
The methods and results of our studies in transplanting the tumours in vivo will be the subject of another paper (Thiery et al. in preparation) .
RESULTS
Forty-two rats out of 46 (91.7%) which received 144Ce developed a tumour at the site of the injection. As shown in Table I 39 rats developed malignant bone tumours (85%), 2 developed benign bone tumours (4%) and one a soft-tissue sarcoma (2%). Eight rats had both bone and soft-tissue tumours (17%). Thirtyfour rats with bone tumours had lung metastases (74%0) and 7 of these had additional metastases to other organs.
The first tumours were detected 254 days after injection and the last one at 524 days. The mean time of appearance for all tumours was 353 days. As shown in Fig. 1 , osteosarcomas appeared earlier than angio- sarcomas. The difference was significant (P < 0 05).
Cell culture Five lung metastases in different animals were established in vitro (3 osteosarcoma and 2 angiosarcoma).
Cells in all cultures grew to a confluent monolayer within 2 weeks. Some cultures have been propagated for more than 40 passages. Cultures were characterized by pleomorphism and hyperchromicity. Polygonal, dendritic and multinucleated giant cells (which, however, were not osteoclastlike) predominated (Fig. 2) (Fig. 2) . High magnification of such an "osteoblast-like cell" is to be seen in Fig. 3 
Histopathology
The death of the 4 rats without tumours was attributed to septic bronchopneumonia (3) or to haemorrhage (1). Two types of tumours were observed: osteosarcomas and angiosarcomas. The term angiosarcoma comprised haemangiosarcomas, haemangiopericytomas and undifferentiated angioblastomas (Fig. 4) . We classified the latter among malignant angiosarcomas because of the presence of metastases. The vasoformative non-osteogenic sarcomas lacked not only tumour bone or osteoid but also alkaline phosphatase 'and acid phosphatase in the tumour cells. Osteosarcomas were osteogenic osteosarcomas, osteochondrosarcomas and myxoid osteosarcomas (Fig. 5) . Some of the osteosarcomas showed more than one of these characteristics. In many cases, histological classification was difficult.
All tumours which were classified as osteogenic osteosarcomas showed calcified tumours on X-ray photographs. Osteosarcoma metastases in lungs were rarely seen on X-ray photographs. The rat shown in Fig. 7 had no visible metastases on X-ray photographs, but osteogenic secondaries in its lung could be identified by the naked eye in necropsy material, and were confirmed by histological examination (Fig. 6) .
In 8 rats, bone tumours were associated with one or more soft-tissue sarcomas (2 rhabdomyosarcomas, 2 fibrosarcomas, 1 liposarcoma, 1 reticulosarcoma, 2 not classified). In 7 rats an association of osteosarcomas and angiosarcomas was found. In Table I Besides lung metastases, additional metastases were found in paravertebral lymph nodes (20%), liver (10%), kidney (10%) and adrenal glands (10%).
Kinetics
The mean doubling time of all bone tumours was 12-78 days (Table I) . The difference between osteosarcoma and angiosarcoma, and between rats with or without metastases is not statistically significant.
Cell number doubling time of lung metastatic cells in vitro are presented in Table II . The doubling time (h) was different from one cell line to another, and there was no correlation between the doubling time of tumours in vivo and the doubling time of derived lung metastatic cells in vitro.
Radioactivity
Data on initial and final radioactivity are shown in Table III . The diffusion of radioactivity in liver and kidney was extremely limited. radioactivity if 144Ce is injected as hydroxide, tumours are produced only at the site of injection. In previously reported experiments the i.m. injection of the isotope produced mainly soft-tissue tumours and only few bone tumours (Klein et al., 1977) . It is probable that this difference was due to radioactivity diffusion. In this experiment, the mean dose of radioactivity injected was lower than that used in the former experiment. There These results indicate that this model of radio-induced malignant bone tumour is reproducible and can be used for physiopathological or clinical studies of osteosarcomas. Its characteristics (histology, lung metastases and growth kinetics) make it a good experimental model for human osteosarcoma, and the fact that the technical modification here described is capable of increasing by up to 90%0 the incidence of malignant bone tumours points out the value of this model for the study of problems related to human osteosarcoma, such as: adjuvant treatment of lung metastases, screening for drugs active on osteosarcomas, markers etc. Since cell cultures are easily obtained, isologous or homologous hosts may be transplanted both in vitro and in vivo. Details of the morphological, cytochemical, biochemical characteristics and the transplantability of these cell lines and their kinetics in vivo will be published (Thiery et al., in preparation) .
In conclusion, we feel that we now possess a good model for studying in vitro and in vivo the multiple physiopathological and therapeutical problems of human osteosarcomas.
